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Purpose of StudyPurpose of Study
Conduct risk assessment of nearlyConduct risk assessment of nearly

52,000 oil spills that have occurred in52,000 oil spills that have occurred in 
US inland navigable waterways since 1980US inland navigable waterways since 1980



*probability that a spill that has occurred is of a particular type 
(not probability that a spill will occur) 

Risk AssessmentRisk Assessment
Risk = Probability* x Consequences (Impacts)Risk = Probability* x Consequences (Impacts)



Risk CategoriesRisk Categories

�� Source TypeSource Type

�� Oil TypeOil Type

�� EPA RegionEPA Region
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probability of spillijk 

x 
average spill volumeijk 

x 
impacts of spillijk 

i = spill source type, 
j = oil type, and 
k = EPA region 

Spill riskijk = 

Where 



MethodologyMethodology
�� Determine probability of different types of spillsDetermine probability of different types of spills 

by spill source, oil type, and EPA region forby spill source, oil type, and EPA region for 
each year (based on ERC Oil Spill Databases)each year (based on ERC Oil Spill Databases)

Probability of Oil Spillage By Source Type 
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consequences consequences --
response cost, response cost, 
environmental and environmental and 
socioeconomic socioeconomic 
damage damage -- of each type of each type 
of oil spill for each year of oil spill for each year 
(EPA Basic Oil Spill (EPA Basic Oil Spill 
Cost Estimation Cost Estimation 

7 

EPA BASIC OIL SPILL COST 
ESTIMATION MODEL 
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OIL PERSISTENCE 

Per-gallon oil spill costs are 
inversely related to spill size. 
Regression formula used to 

estimate per-gallon cost. 

Oil type impacts all cost 
categories. Oil behavior 
varies by medium type. 

Potential impact depends 
on toxicity, mechanical 

injury potential, and 
persistence. Oil type 

character and behavior 
integrated into oil type 

cost factors. 

Medium (substrate) type 
influences degree of oil 
penetration and spread. 
Penetration and spread 
are modified for oil type 
cost factor derivation. 

Socioeconomic and cultural value of spill 
location impact socioeconomic costs. Costs 

are directly correlated with value society puts 
on spill location. Cost modifier is adjusted 

based on value rating given. 

Oil persistence and 
toxicity have impact 

on different 
water-use types. 

Freshwater vulnerability accounted for in 
environmental damage. Drinking water, recreation, and 

wildlife use given higher ratings for higher impact. 

Habitat/wildlife and 
water vulnerability 

combine to 
determine 

environmental 
damage. 

Ecosystem (habitat and 
associated wildlife) 

vulnerability rated to 
adjust habitat/wildlife 

modifier. 

Per-gallon base response-, 
socioeconomic-, and 

environmental damage 
costs determined based on 

variable inputs. 

Per-gallon costs multiplied by spill amount to 
give total costs that can be added together or 

used separately. 
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Response 
method can 
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response cost, 
and 

socioeconomic, 
and 
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damages. 

Model allows estimation of costs based on spill volume, oil type, and 
location characteristics. 
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Model)Model)



Results: Spills By Source TypeResults: Spills By Source Type
�� Largest sources are SPCCLargest sources are SPCC 

facilities and pipelinesfacilities and pipelines ––
55% of volume is from55% of volume is from 
SPCC facilities and 39%SPCC facilities and 39% 
from pipelines.from pipelines.

�� The largest number of oilThe largest number of oil 
spills to inland waterwaysspills to inland waterways 
is from SPCC facilitiesis from SPCC facilities 
(51%) with average(51%) with average 
volume per spill of 5,900volume per spill of 5,900 
gallons.gallons. 



Spills by Source TypeSpills by Source Type (continued)(continued)

�� Pipelines make up 13%Pipelines make up 13% 
of the spill number withof the spill number with 
average volume ofaverage volume of 
16,000 gallons.16,000 gallons.

�� Vehicles make up 22%Vehicles make up 22% 
of the spill number withof the spill number with 
average volume of 680average volume of 680 
gallons.gallons.



Spillage by Source TypeSpillage by Source Type

73973930,31030,3104141NonNon--SPCCSPCC

456456191,414191,414420420AircraftAircraft

130130483,010483,0103,7073,707ResidentialResidential

8,1858,1852,168,9062,168,906265265RailRail

2,9962,9964,713,2344,713,2341,5731,573VesselsVessels

6766767,838,4997,838,49911,59311,593VehiclesVehicles

15,84615,846110,397,511110,397,5116,9676,967PipelinesPipelines

5,9125,912155,922,130155,922,13026,37526,375SPCCSPCC

AvgAvg VolumeVolume 
(gal)(gal)

VolumeVolume 
(gal)(gal)

NumberNumber
SourceSource 
TypeType



Spill Probability by Source TypeSpill Probability by Source Type

0.0020.0020.0050.005RailRail

0.0050.0050.0070.007AircraftAircraft

0.0100.0100.0170.017UnknownUnknown

0.0240.0240.0310.031VesselsVessels

0.0250.0250.0670.067ResidentialResidential

0.0570.0570.1460.146PipelinesPipelines

0.1030.1030.1950.195VehiclesVehicles

0.1080.1080.5330.533SPCC FacilitiesSPCC Facilities

StandardStandard 
DeviationDeviation

AverageAverage 
ProbabilityProbability

Source TypeSource Type



Spills by Oil TypeSpills by Oil Type
�� The most frequent type of oil spilled is lightThe most frequent type of oil spilled is light 

fuel oils, followed by crude oil.fuel oils, followed by crude oil.
�� The average volume of crude spills is threeThe average volume of crude spills is three 

times that of light fuel.times that of light fuel.
�� Volatile distillates (including gasoline) spilledVolatile distillates (including gasoline) spilled 

at third highest rate.at third highest rate.



Spills by Oil TypeSpills by Oil Type

3,8813,8811,420,4441,420,444366366AFVOAFVO

5,7225,7221,831,0421,831,042320320IFOIFO

2,5492,5493,461,6483,461,6481,3581,358Waste OilWaste Oil

2,2722,2723,737,9883,737,9881,6451,645Lube OilLube Oil

3,0863,0865,403,2875,403,2871,7511,751Unknown OilUnknown Oil

2,1882,1887,392,0867,392,0863,3793,379Light OilsLight Oils

11,11611,1168,815,1168,815,116793793Asphalt/TarAsphalt/Tar

9,8169,81612,367,93412,367,9341,2601,260Heavy FuelHeavy Fuel

2,1522,15245,663,96345,663,96321,22021,220Light FuelLight Fuel

7,6617,66156,822,93656,822,9367,4177,417Volatile DistVolatile Dist

11,44511,445135,158,696135,158,69611,80911,809CrudeCrude

AvgAvg VolumeVolumeVolume (gal)Volume (gal)NumberNumberOil TypeOil Type



Spill Probability by Oil TypeSpill Probability by Oil Type

0.0040.0040.00760.0076AFVOAFVO

0.0090.0090.01070.0107Other OilOther Oil

0.0060.0060.01540.0154Asphalt/TarAsphalt/Tar

0.0120.0120.02470.0247Waste OilWaste Oil

0.0100.0100.02660.0266Heavy FuelHeavy Fuel

0.0160.0160.03140.0314Unknown OilUnknown Oil

0.0070.0070.03180.0318Lubricating OilLubricating Oil

0.0240.0240.05900.0590Light OilsLight Oils

0.0420.0420.15260.1526Volatile DistillateVolatile Distillate

0.1280.1280.25810.2581CrudeCrude

0.1400.1400.37540.3754Light FuelsLight Fuels

Standard DeviationStandard DeviationAverageAverageOil TypeOil Type



0.01 0.010.00 0.000.02 0.020.00 0.000.00 0.000.02 0.020.00 0.000.00 0.000.01 0.01IFO IFO

0.01 0.010.00 0.000.05 0.050.00 0.000.02 0.020.01 0.010.00 0.000.00 0.000.01 0.01AFVO AFVO

0.01 0.010.01 0.010.00 0.000.00 0.000.00 0.000.02 0.020.00 0.000.00 0.000.02 0.02Other Other

0.01 0.010.00 0.000.05 0.050.00 0.000.01 0.010.02 0.020.01 0.010.00 0.000.02 0.02Asph Asph

0.02 0.020.00 0.000.10 0.100.01 0.010.00 0.000.07 0.070.01 0.010.00 0.000.04 0.04HVO HVO

0.07 0.070.00 0.000.05 0.050.01 0.010.01 0.010.07 0.070.01 0.010.00 0.000.04 0.04Waste Waste

0.19 0.190.03 0.030.05 0.050.01 0.010.01 0.010.02 0.020.02 0.020.01 0.010.04 0.04Unkn Unkn

0.04 0.040.00 0.000.00 0.000.00 0.000.03 0.030.06 0.060.01 0.010.00 0.000.05 0.05Lube Lube

0.04 0.040.00 0.000.15 0.150.00 0.000.01 0.010.03 0.030.03 0.030.00 0.000.11 0.11Light Light

0.10 0.100.92 0.920.12 0.120.03 0.030.01 0.010.13 0.130.10 0.100.07 0.070.19 0.19Volat Volat

0.07 0.070.00 0.000.07 0.070.00 0.000.02 0.020.05 0.050.01 0.010.85 0.850.21 0.21Crude Crude

0.41 0.410.04 0.040.34 0.340.93 0.930.88 0.880.50 0.500.78 0.780.05 0.050.26 0.26LFO LFO

Unkn UnknAir Air
NonNon--
SPCC SPCC

Resid ResidRail RailVess VessVeh VehPipe PipeSPCC SPCCType Type

Based on spill number by oil type within source type 

Combined Probability of Oil Type and Source TypeCombined Probability of Oil Type and Source Type



Spillage by EPA RegionSpillage by EPA Region
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Within each source type, if there is aWithin each source type, if there is a 
spill, which EPA region is it mostspill, which EPA region is it most 

likely to occur within?likely to occur within?



0.07 0.070.18 0.180.07 0.070.06 0.060.20 0.200.06 0.060.09 0.090.01 0.010.08 0.0810 10

0.03 0.030.10 0.100.00 0.000.01 0.010.05 0.050.05 0.050.03 0.030.06 0.060.04 0.049 9

0.08 0.080.06 0.060.07 0.070.02 0.020.07 0.070.01 0.010.06 0.060.06 0.060.07 0.078 8

0.02 0.020.04 0.040.05 0.050.01 0.010.05 0.050.01 0.010.03 0.030.06 0.060.04 0.047 7

0.10 0.100.06 0.060.29 0.290.01 0.010.12 0.120.23 0.230.06 0.060.52 0.520.16 0.166 6

0.21 0.210.13 0.130.22 0.220.18 0.180.27 0.270.10 0.100.32 0.320.14 0.140.21 0.215 5

0.10 0.100.13 0.130.05 0.050.02 0.020.11 0.110.21 0.210.09 0.090.05 0.050.12 0.124 4

0.13 0.130.10 0.100.02 0.020.05 0.050.09 0.090.12 0.120.06 0.060.07 0.070.11 0.113 3

0.06 0.060.11 0.110.12 0.120.03 0.030.00 0.000.09 0.090.03 0.030.01 0.010.04 0.042 2

0.20 0.200.08 0.080.10 0.100.62 0.620.05 0.050.12 0.120.21 0.210.01 0.010.14 0.141 1

Unkn UnknAir Air
NonNon--
SPCC SPCC

Resid ResidRail RailVess VessVeh VehPipe PipeSPCC SPCCEPA EPA

Based on spill number by EPA Region within source type 

Spillage by EPA Region Within Source TypeSpillage by EPA Region Within Source Type



Within each EPA region, what is theWithin each EPA region, what is the 
probability that a spill will be from aprobability that a spill will be from a 

particular source type?particular source type?



0.02 0.020.02 0.020.00 0.000.06 0.060.01 0.010.03 0.030.28 0.280.02 0.020.57 0.5710 10

0.01 0.010.02 0.020.00 0.000.01 0.010.01 0.010.04 0.040.19 0.190.22 0.220.50 0.509 9

0.02 0.020.01 0.010.00 0.000.02 0.020.01 0.010.00 0.000.22 0.220.14 0.140.58 0.588 8

0.01 0.010.01 0.010.00 0.000.02 0.020.01 0.010.01 0.010.17 0.170.22 0.220.56 0.567 7

0.01 0.010.00 0.000.00 0.000.01 0.010.00 0.000.04 0.040.08 0.080.40 0.400.46 0.466 6

0.02 0.020.00 0.000.00 0.000.06 0.060.01 0.010.01 0.010.33 0.330.09 0.090.48 0.485 5

0.02 0.020.01 0.010.00 0.000.02 0.020.01 0.010.06 0.060.20 0.200.07 0.070.61 0.614 4

0.03 0.030.01 0.010.00 0.000.04 0.040.01 0.010.04 0.040.16 0.160.10 0.100.62 0.623 3

0.03 0.030.03 0.030.00 0.000.05 0.050.00 0.000.08 0.080.20 0.200.03 0.030.58 0.582 2

0.02 0.020.00 0.000.00 0.000.26 0.260.00 0.000.02 0.020.28 0.280.01 0.010.40 0.401 1

Unkn UnknAir Air
NonNon--
SPCC SPCC

Resid ResidRail RailVess VessVeh VehPipe PipeSPCC SPCCEPA EPA

Based on spill number by source type within EPA Region 

Spillage by Source Type Within EPA RegionSpillage by Source Type Within EPA Region



Most Likely SpillsMost Likely Spills

1010light fuellight fuelSPCCSPCC99

66volatile distillatevolatile distillateSPCCSPCC88

11light fuellight fuelSPCCSPCC77

55light fuellight fuelSPCCSPCC66

11light fuellight fuelvehiclevehicle55

11light fuellight fuelresidentialresidential44

66crudecrudeSPCCSPCC33

55light fuellight fuelvehiclevehicle22

66crudecrudepipelinepipeline11

EPA RegionEPA RegionOil TypeOil TypeSource TypeSource TypeRankRank

Based on spill number 



Probability of Oil Spillage By Source Type 
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Changes in Spill TrendsChanges in Spill Trends –– Source TypeSource Type



Changes in Spill Trends Changes in Spill Trends – – Oil Type Oil Type
Probability of Oil Spillage by Oil Type 
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Crude spills decreasing and light fuel spills increasing 



Trends in Crude TransportTrends in Crude Transport
Crude Oil Transport 
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Trends in Refined Oil TransportTrends in Refined Oil Transport
Refined Product Transport 
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Spillage by Transport Mode (1980Spillage by Transport Mode (1980--2003)2003)
Gallons Spilled per Billion GallonGallons Spilled per Billion Gallon--Miles TransportedMiles Transported

399.3399.3595.4595.48.88.8Refined AverageRefined Average

80.180.115.515.538.338.3Crude AverageCrude Average

RailRailVehiclesVehiclesPipelinesPipelinesOil TypeOil Type



Spillage By Transport ModeSpillage By Transport Mode
�� 99% crude and 70% refined99% crude and 70% refined 

products are transported byproducts are transported by 
pipelinepipeline

�� For crude oil, rail transportFor crude oil, rail transport 
leads to twice the spillage ofleads to twice the spillage of 
pipelines, and five times thepipelines, and five times the 
spillage of vehicular transportspillage of vehicular transport

�� For refined products, pipelineFor refined products, pipeline 
transport is the least riskytransport is the least risky 
modemode –– rail transport resultsrail transport results 
in 45 times more spillage andin 45 times more spillage and 
vehicular transport in 67vehicular transport in 67 
times the spillage of pipelinestimes the spillage of pipelines



Risk AnalysisRisk Analysis

Based on:Based on:

�� Probability of a spill being in a certainProbability of a spill being in a certain 
category (oil type and source type)category (oil type and source type)

�� Consequences of those spills (responseConsequences of those spills (response 
costs, environmental damages, andcosts, environmental damages, and 
socioeconomic impacts)socioeconomic impacts)



Relative Risk Oil Type and Source Type (All EPA Regions)Relative Risk Oil Type and Source Type (All EPA Regions)

$0$0$0$0$0$0$0$0$1$1$0$0$0$0$0$0$14$14IFOIFO

$0$0$0$0$0$0$1$1$0$0$0$0$2$2$0$0$11$11AFVOAFVO

$0$0$0$0$0$0$0$0$0$0$0$0$0$0$0$0$10$10OtherOther

$0$0$0$0$0$0$2$2$2$2$0$0$21$21$2$2$146$146AsphAsph

$2$2$0$0$0$0$1$1$32$32$0$0$5$5$3$3$197$197HVOHVO

$2$2$0$0$0$0$0$0$1$1$0$0$2$2$1$1$71$71WasteWaste

$1$1$0$0$0$0$0$0$0$0$0$0$6$6$5$5$45$45UnknUnkn

$1$1$0$0$0$0$3$3$1$1$0$0$2$2$9$9$71$71LubeLube

$0$0$0$0$0$0$0$0$0$0$0$0$0$0$5$5$65$65LightLight

$1$1$1$1$0$0$1$1$6$6$0$0$26$26$65$65$305$305VolatVolat

$2$2$0$0$0$0$2$2$2$2$0$0$2$2$691$691$435$435CrudeCrude

$8$8$0$0$0$0$10$10$11$11$2$2$16$16$40$40$343$343LFOLFO

UnknUnknAirAir
NonNon--
SPCCSPCC

ResidResidRailRailVessVessVehVehPipePipeSPCCSPCCTypeType



Risk Analysis ResultsRisk Analysis Results
�� Overall, SPCC facilities present greatest riskOverall, SPCC facilities present greatest risk 

across oil types and EPA regions (more thanacross oil types and EPA regions (more than 
twice that of pipelines)twice that of pipelines) 

�� Crude spills present the greatest risk by oil typeCrude spills present the greatest risk by oil type 
–– 2.6 times that of light fuel spills and 2.8 times2.6 times that of light fuel spills and 2.8 times 
that of volatile distillates (gasoline, jet fuel)that of volatile distillates (gasoline, jet fuel)

�� Crude pipeline spills present the greatest risk,Crude pipeline spills present the greatest risk, 
then crude SPCC spills and light fuel SPCCthen crude SPCC spills and light fuel SPCC 
spills.spills.

�� Within SPCC facilities, crude oil spills presentWithin SPCC facilities, crude oil spills present 
1.3 times the risk of light fuel spills1.3 times the risk of light fuel spills



Risk Analysis ResultsRisk Analysis Results -- continuedcontinued

�� With apparent shifts in oil types spillingWith apparent shifts in oil types spilling 
(concurrent with increase in refined products(concurrent with increase in refined products 
transported and decrease in crude transport),transported and decrease in crude transport), 
there may be an increasing risk from light fuelthere may be an increasing risk from light fuel 
spills and somewhat less from crude spills in thespills and somewhat less from crude spills in the 
future.future.



Risk Analysis by EPA RegionRisk Analysis by EPA Region

�� The greatest risk to inland waterways lies withThe greatest risk to inland waterways lies with 
crude pipeline spills in EPA Region 6.crude pipeline spills in EPA Region 6.

�� The next highest risk comes from SPCC facilityThe next highest risk comes from SPCC facility 
spills from EPA Region 6.spills from EPA Region 6.

6 

Detailed risk analyses by EPA Region, source type, and oilDetailed risk analyses by EPA Region, source type, and oil 
type are in appendices of papertype are in appendices of paper



What Does This Mean?What Does This Mean?

�� Overall spill risk can be reduced by decreasingOverall spill risk can be reduced by decreasing 
the probability of spillage through spillthe probability of spillage through spill 
prevention measures and by increasing theprevention measures and by increasing the 
consequences for spillers.consequences for spillers.

�� Spill risk can be greatly lessened by reducing theSpill risk can be greatly lessened by reducing the 
frequency of highfrequency of high--impact spillsimpact spills –– those in thethose in the 
most sensitive areas, with the largest volumes,most sensitive areas, with the largest volumes, 
and with the most toxic and/or persistent oiland with the most toxic and/or persistent oil 
typestypes



�� Focus prevention measures on the highest riskFocus prevention measures on the highest risk 
types of spillstypes of spills

�� Focus prevention and preparedness on the mostFocus prevention and preparedness on the most 
environmentallyenvironmentally-- andand socioeconomicallysocioeconomically--
sensitive locationssensitive locations

�� Reduce volume of spillage through rapid spillReduce volume of spillage through rapid spill 
detection, response, and source controldetection, response, and source control

�� Shift usage of more persistent and toxic oils toShift usage of more persistent and toxic oils to 
lesserlesser--impact oil typesimpact oil types

�� Reduce impacts by better spill response thatReduce impacts by better spill response that 
more effectively removes oilmore effectively removes oil –– increasingincreasing 
response capability and decreasing response timeresponse capability and decreasing response time 


